We have attempted to build first some simplified model to map the interaction of quarks and gluons in presence of magnetic field, which can be constrained by their thermodynamical quantity like entropy density, obtained from calculation of lattice quantum chromo dynamics. To fulfill that mapping, we have assumed a parametric temperature and magnetic field dependent degeneracy factor or fugacity of quarks and gluons. Implementing this QCD interaction in calculation of transport coefficient at finite magnetic field, we have noticed that magnetic field and interaction both are two dominating sources, for which the values of transport coefficients can be reduced. Interestingly, fluidity of quark gluon plasma remain unaffected by interaction, although magnetic field can have an impact on it.
Introduction
Extremely strong magnetic fields have been known to exist during the electroweak phase transition of the universe as suggested by cosmological models [1] Large values of magnetic fields are also present in the interior of dense neutron stars called magnetars [2] . Studying quantum field theory in the presence of magnetic field has led to many interesting observations such as magnetic catalysis [3] , chiral magnetic effect [4] , inverse magnetic catalysis [5, 6] and many more.
In heavy ion collision (HIC) point of view, an approximately m 2 π − 10m 2 π magnetic field in RHIC to LHC experiments is expected to produced after collision due to two opposite heavy-ionic currents [7] . Refs. [8, 9, 10] have addressed a possible space time evolution of electromagnetic fields, produced in the laboratories of HIC experiments. To describe the expanding tiny medium of HIC laboratories, magneto hydrodynamic (MHD) is a mostly applicable evolution tool in presence of magnetic field. In this direction, one can be found ≈ 47.5 to (g π +g K ) ≈ 7. Hence, one can understand the smooth cross-over transition from QGP to HM phase through smooth reduction of degeneracy factors of QGP system. To execute this idea, temperature dependent factor g(T ) has first multiplied with g q,s,g in thermodynamical quantities, given in Eqs. (1), (2) , (3) . Then, by matching the LQCD data of s(T ), we can know the values of g(T ) at different temperature. From Ref. [6] , LQCD data points of s/T 3 vs T for eB = 0, 0.1, 0.2, 0.3, 0.4 GeV 2 are re-plotted in Fig. 1(a) , (b), (c), (d), (e) respectively, where B is external magnetic field, applied to QGP. By matching those data points, we find a parametric form g(T ) = a 0 − a 1 e a2(T −0.17) + a 3 ,
where values of a 0,1,2,3 for different eB's are given in Tab. (2.1). These g(T ) for different eB's are plotted in Fig. 1(f) , where we notice that g(T ) decreases as one goes from QGP to HM temperature domain. On the other direction, when we increase the magnetic field, g(T ) also increases. Hence, by reducing the degeneracy factor of QGP with reducing the temperature and magnetic field, one can properly map quark-hadron phase transition along temperature and magnetic field axis. The curves of Fig. 1 (f) or parametric Eq. (7) can provide a g(T, B), which can nicely map the LQCD interaction at finite T and B.
Temperature dependent Fugacity
As an alternative way, let us follow the prescriptions, given by Chandra and Ravisankar [47, 48, 49] , where QCD interaction of quark-hadron phase transition can be mapped via fugacity parameter. They introduced the fugacity parameter Z in thermal distribution functions of u/d quark, s quark and gluon as
where Z is just to mimic the QCD interaction but nothing to link with quark or gluon chemical potentials, which are absolutely kept zero. Again the LQCD data of s(T ) for different eB's are re-drawn red circles in Figs. 2(a)-(e). Then, they are fitted (solid black lines) by assuming a temperature dependent expression of fugacity Z(T ), given below
where values of a 0,1,2,3 for different eB's are given in Tab. (2.2). Fig. 2 (f) displays different Z(T ) curves for different eB's, which are quite similar with earlier g(T ) curves in Fig. 1(f) . So either by reducing fugacity or degeneracy factor with reduction of temperature or/and magnetic field, one can transform a noninteracting to interacting QGP system description and our obtained Z(T, B) or g(T, B) can nicely map the T and B dependent QCD interaction, provided by LQCD [6] . In this section, we will see the role of QCD interaction in presence of magnetic field on transport coefficients like shear viscosity and electrical conductivity, where the interaction is mapped by quasi-particle description, discussed earlier section. The details formalism of shear viscosity and electrical conductivity in presence of magnetic field are derived in Appendix, given in Sec. (5).
In absence of magnetic field, medium follow isotropic transport properties, for which we will get single component of shear viscosity (η) and electrical conductivity (σ), but they become multi-component in presence of magnetic field. We will get five component of shear viscosity components η n (n = 0, 1, .., 4) and three electrical conductivity components σ n (n = 0, 1, 2), which can be classified into two main components normal and Hall coefficients. For shear viscosity, η 1,2 are normal and η 3,4 are Hall in nature, while η 0 is field independent component, linked along field direction, Lorentz force remain handicap. Similarly, for electrical conductivity, σ 0 is normal and σ 1 is Hall in nature, but σ 2 create σ zz = σ 0 + σ 2 along the field direction, which remain field independent (i.e. σ zz ≈ σ). So let us focus on η 2 , η 4 and σ 0 , σ 1 only for our numerical discussion. Getting guided from Sec. (5), let us first write the expressions of η and σ for QGP system in absence of magnetic field:
and
. Then, let us write the the expressions of η 2,4 and σ 0,1 for QGP system in presence of magnetic field: 
One can find the transformation from (η,
1+(τc/τB ) 2 , which is basically quantifying the transition from isotropic to anisotropic matter.
The results Eqs. (12), (13) will be very close to their massless limit (m u,s → 0) 1+(τc/τB ) 2 , we can get peak its value around τ B ≈ τ c and then it can be reduced with B. This qualitative facts are well explored in Refs. [50, 51, 52] . One can notice that normal components η 2 , σ 0 get more reduction at low temperature and high magnetic field. At eB = 10m π . Now let us come to the interaction picture of QGP, when it face external magnetic field. By introducing T dependent degeneracy factor at different B, given in Eq. (7) with tabulated parameter values, we have matched the LQCD entropy density data in earlier Sec. (2.1). From there, we can get an approximated T , B dependent g, through which QCD interaction at finite magnetic field has been mapped. Now using the same g(T, B) in Eqs. (14) and (15), we have drawn dash-dotted and solid lines for normal and Hall components of transport coefficients for interacting QGP. So, interaction creates a further suppression in transport coefficients, which has again a certain T and B dependence. At B = 0, T = 0.175 GeV and τ c = 1 fm, interaction creates around 60% suppression in normal components η 2 , σ 0 . At same T and τ c , increasing magnetic field to eB ≈ 5m 2 π , we get η 2 /η ≈ 0.3 (i.e. 70% reduction) and σ 0 /σ ≈ 0.2 (i.e. 80% reduction) for interacting QGP. Hence, roughly we can say that 25% reduction for magnetic field and next 50% reduction for interaction, we get total 75% reduction of shear viscosity normal component. Qualitatively, we can conclude that external magnetic field and interaction both can be consider as two dominating sources for reduction of transport coefficient values. Since, we have found that g(T, B) and Z(T, B) provide us approximately same estimation in transport coefficients, so we have not presented two separate estimations.
Let us now focus on famous dimensionless quantity -ratio between shear viscosity and entropy density, which measure the fluid nature of the medium. From experimental side, this quantity should be very close to KSS bound 1/(4π) [53] , which is drawn by red solid (horizontal) line in Fig. (5) . With the help of Eqs. (1), (2), (3) and Eqs. (12), (14), we have estimated η/s (dotted line), η 2 /s (solid line), η 4 /s (dash line), which are plotted against τ c -axis in Fig. (5) . without field case, Excluding gluon component, one can see that η 2 /s first increases and then decreases with τ c , where their peak can be seen around τ c ≈ τ B . therefore, this η 2 /s can cross the KSS line at two times in τ c -axis. This fact is well explored in Ref. [50] . Now, when we come to interaction picture, by using g(T, B) or Z(T, B) in Eqs. (1), (2), (3) and Eqs. (12), (14), we have found interestingly the ratio of viscosity to entropy density remain unchanged. It means that interaction contribution in shear viscosity and entropy density are exactly canceled out. Hence, non-interacting and interacting QGP will exhibit same fluid property. In other word, shear viscosity can reduce due to magnetic field as well as interaction, but shear viscosity to entropy density can reduce due to magnetic field only. Interaction does not play any role in fluidity.
Summary
The present article is first aimed to build a quasi particle model, which can map the complicated QCD interaction in a very simplified way. It is LQCD simulation, which has provided the QCD interaction at finite temperature and magnetic field by calculating thermodynamical quantities of QGP, which always remain lower that the non-interacting thermodynamics of QGP. By introducing temperature and magnetic field dependent degeneracy factors or fugacities of quarks and gluons, we have matched LQCD data.
After building the quasi-particle model, we have applied it to calculate transport coefficients like shear viscosity and electrical conductivity in presence of magnetic field. Isotropic property of medium is generally broken due to magnetic field and hence, single component transport coefficient are splitted into multi-components, which can be classified into two broad components -normal and Hall transport coefficients. Former component monotonically decreases with magnetic field but latter component follow little non-monotonic trend due to competition between two time scales, originated from collision and magnetic field. Qualitatively, we find a over all suppression of transport coefficient because of magnetic field and then when we plug in the LQCD interaction, they get further suppressions. In conclusion, external magnetic field and interaction both can be responsible for reducing the transport coefficients of QGP, but shear viscosity to entropy density ratio is reduced for magnetic field only as interactions are canceled out in ratio.
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Appendix

Shear viscosity calculation in presence of magnetic field
Let us consider a relativistic fermion/boson fluid, whose dissipative energy momentum tensor ∆T µν due to shear stress is connected with velocity gradient-type tensor
via macroscopic relation
where η µναβ is shear viscosity tensor, which is aimed to estimated microscopically in this section. Assuming fermion/boson equilibrium distribution function
get deviation
we can get microscopic expression of (dissipative) current density
where ω = { k 2 + m 2 } 1/2 is energy and g is degeneracy factor of fermion/boson. To determine unknown constant A, we use the relaxation time approximation (RTA) in Boltzmann equation,
Comparing Eq. (22) and (20), one can identify the unknown constant
After knowing A, the full connection between macroscopic Eq. (18) and microscopic Eq. (21) can be written as
where we have used the identity
The isotropic property of shear viscosity η does not hold in presence of magnetic field. Instead of single η, we will get many component η n , which mean that different directional shear stress become different in presence of magnetic field. Following the prescriptions of Ref. [16, 50] , the dissipative part of the energymomentum tensor in presence of magnetic field B can be expressed as
where η n with n = 0, 1, 2, 3, 4 are five components of viscosities and the velocity gradient-type tensor V n µν are taken same as addressed in Ref. [16, 17] :
with
∂xα . Let us assume our deviation δf from equilibrium accordingly:
To determine unknown constant A, we use the relaxation time approximation (RTA) in relativistic Boltzmann equation (RBE) at finite B,
where force term in RBE can not contribute with f 0 , therefore, we have to proceed for δf order contribution. In other way, magnetic relaxation time τ B = ω/(ẽB) along with collisional relaxation time τ c are responsible for deviation δf . Now, by using Eq. (32) in (33), we get
Using some identities [16, 17, 50] and then compare the tensor structures on both sides to obtain A n as follows
Putting the A n 's in the expression for η n we get
Here η 1,2 and η 3,4 can be called as normal and Hall shear viscosity as they are merged isotropic value η and 0 respectively at B → 0.
Electrical conductivity calculation in presence of magnetic field
Let us consider a relativistic fermion/boson fluid, carrying dissipative current density J i due to electric field E j and they are connected via macroscopic Ohm's law
where σ ij is conductivity tensor, which is aimed to estimated microscopically in this section. Assuming fermion/boson equilibrium distribution function
whereẽ is electric charge, ω = { k 2 + m 2 } 1/2 is energy and g is degeneracy factor (excluding charge-flavor degeneracy) of fermion/boson. To determine unknown constant α, we use the Boltzmann equation, 
In the electric-charge-transport picture, the external electric field is responsible to make the system deviate from equilibrium. Hence electric force −ẽE j = dkj dt will build the deviation δf and in relaxation time approximation (RTA), we may assume C[δf ] = −δf /τ c , where τ c is the relaxation time, required for the system to approach from non-equilibrium to equilibrium state. So, Eq. (49) becomes −ẽE j ∂f 0 ∂k j = −δf /τ c ⇒ δf = τ cẽ E j ∂ω ∂k j ∂f 0 ∂ω
comparing Eq. (50) and (47), one can identify the unknown constant
After knowing α, the full connection between macroscopic Eq. (45) and microscopic Eq. (48) can be written as
Next, we will proceed to derive the electrical conductivity in presence of magnetic field B, which is well addressed in Ref. [21] . Here, force term becomes 
Since the second term of left had side is only magnetic field dependent term and it will be vanished (following vector identity ( k × B) · k = B· ( k × k) = 0), so we consider the ∇ k (δf ) term also
where we assume δf = −φ ∂f0 ∂ω with φ = k · F and F = (αê + βĥ + γ(ê ×ĥ)),ê andĥ are unit vector along electric and magnetic field directions. Since
so Eq. (54) becomes
